Metabolic syndrome (MetS), a cluster of cardiovascular disease risk factors, is increasingly common in people living with HIV; however, data on prevalence and the role of antiretroviral therapy (ART) as a risk factor for MetS in sub-Saharan Africa are lacking. We conducted a cross-sectional study to assess the prevalence and risk factors for MetS among ART-naive and ART-experienced HIV-infected adults without preexisting cardiometabolic disorders in Western Kenya using validated questionnaires and laboratory tests after overnight fasting. We used logistic regression to identify associations between traditional risk factors, HIV disease characteristics, ART, and MetS. Study participants included 164 ART-experienced patients, majority (56%) on tenofovir/lamivudine/nevirapine regimen, and 136 ART-naive patients. The median age was 40 (interquartile range, 33-46) years and 64% were women. Median HIV infection and ART use were 4.6 (1.7-7.9) and 4.8 (2.7-7.8) years, respectively. Prevalence of MetS did not differ between ART-experienced (16.9%) and -naive (15.2%) groups. ART-experienced patients had higher rates of elevated fasting blood sugars and lower rates of low high-density lipoprotein-cholesterol. The prevalence of abnormal waist circumference, elevated blood pressure, and hypertriglyceridemia were comparable between the two groups. Older age, female sex, and high body mass index were independently associated with diagnosis of MetS. Traditional risk factors rather than ART-related effects were more important predictors of MetS in this cohort and may have been influenced by ART type and exclusion of preexisting hypertension and diabetes. HIV-infected patients without preexisting cardiometabolic disorders should be monitored for metabolic abnormalities regardless of ART.
Introduction
T he global scale-up of antiretroviral therapy (ART) has resulted in the reduction of AIDS-related mortality in low-resource settings, including Kenya. [1] [2] [3] [4] As HIV-infected patients live longer, they are exposed to traditional environmental and behavioral risk factors known to increase risk of metabolic and cardiovascular diseases (CVD) prevalent in their communities. 5 Studies from developed countries have
shown that in addition to the traditional risk factors, some ART regimens and HIV infection itself may increase risk of cardiometabolic diseases and CVD. [6] [7] [8] [9] [10] In these studies, patients with HIV were twice as likely to develop stroke or myocardial infarction compared with their HIV-uninfected counterparts. 9, 10 Although greater contact with the healthcare system has been associated with better control of hypertension and diabetes among HIV-infected women compared with HIV-uninfected women, CVD risk remains from nonlipid causes and suboptimal control CVD risk factors. 11 Despite sub-Saharan Africa (SSA) being a region highly affected by HIV, few studies have assessed aging-related HIV comorbidities, particularly CVD, metabolic syndrome (MetS), and their associated risk factors.
MetS is a complex cluster of factors, including hyperglycemia, elevated blood pressure, dyslipidemia, and abdominal obesity that are shown to predict risk of CVD and type 2 diabetes. 12, 13 Prevalence of MetS is increasing worldwide and is closely linked to the presence of obesity and dyslipidemia in the adult population in high-income countries. 13, 14 Among HIV-infected individuals, the prevalence of MetS worldwide ranges from 7% to 52% depending on the defining criteria, study population, study design, and sample size. [15] [16] [17] Recently published meta-analysis data show a similar prevalence of MetS in the general population as in those with HIV. 15 Other studies, however, have reported an increase in the incidence of MetS in HIV-infected patients on ART compared with ART-naive and HIV-uninfected counterparts, indicating that antiretroviral drugs may be associated with increased risk of MetS. 18, 19 Most of these studies were conducted in higher income countries and a greater number of patients were obese, consuming tobacco and on protease inhibitors (PIs) compared with populations in low and middle income settings. 20 The prevalence of MetS in SSA ranges from 11.1% to 47% depending on the study setting, ART type and ART experience. 16 There has been limited information from SSA particularly on the role of ART in the development of MetS. Moreover, most existing SSA studies have focused primarily on HIV-infected adults on ART, making it difficult to determine the independent effect of ART drugs on MetS. The present work examines the prevalence and associated risk factors for the development of MetS in HIV-infected adults without previous clinical diagnosis of CVD who are seeking care at one of the largest HIV clinics in Western Kenya.
Methods

Study population and design
This was part of a larger study to assess CVD risk factors, knowledge, perception, and attitudes toward CVD among HIV-infected patients in Western Kenya who had no previous diagnosis of cardiovascular-related disease. 21 We conducted a cross-sectional survey between July and September 2014 in a sample of HIV-infected adults attending an HIV clinic at the Academic Model Providing Access to Healthcare (AM-PATH) program within the Moi Teaching and Referral Hospital (MTRH) in Western Kenya. We enrolled 300 consecutive HIV-infected men and women (>18 years of age) who presented for care at the MTRH HIV outpatient clinic in Eldoret, Kenya. Pregnant women, patients who reported or had recorded history of cardiometabolic disorders, including hypertension, those with diabetes, or history of CVD, were ineligible to participate. AMPATH program provides care to over 150,000 HIV-infected people with a broad mix of urban middle class, urban poor, and rural populations. 22 The AM-PATH program is a collaboration between MTRH, Moi University School of Medicine, and a consortium of North American universities that focuses on improving the health of the people of Western Kenya as previously described. 23 Moi University is the hub of clinical research in cardiopulmonary diseases in Western Kenya. 24 
Data collection
Our data collection methods have been previously described in detail. 21 In brief, data were collected by structured questionnaires, physical measurements, and venous blood sample analysis. A trained research assistant administered the questionnaire in English, Swahili, or a local language. Each interview was followed by physical measurements, including height, weight, and blood pressure. Participants were asked to return to clinic the following day after fasting for 8 h for blood sample collection. All participants were tested for fasting blood lipids and glucose level. The research participants were expected to complete all the components of the research examination on the second visit. HIV-related characteristics and information, including the use of ART, the duration and type of ART regime, previous WHO clinical stage, pre-ART nadir, lowest and highest CD4 T cell count, and HIV RNA viral load were obtained from the participant and/or the medical record. Any findings that warranted immediate medical attention were reported to the participant and their physician.
We used the harmonized consensus criteria for MetS to define high BP as systolic BP ‡130 mmHg, diastolic BP ‡85 mmHg, or currently on antihypertensive drug treatment, central obesity as waist circumference of ‡80 cm (women) and ‡94 cm (men), and elevated fasting blood glucose (FBG) as FBG ‡7 mmol/L (126 mg/dL). 25 Dyslipidemia was defined as total cholesterol ‡5. HIV-infected patients fulfilling Kenyan national criteria for ART are started on treatment and seen monthly at the AMPATH clinic. Criteria for starting ART at the time of the study included all HIV-infected adults with CD4 T cell count <350 cells/mm 3 irrespective of WHO stage and stage III/IV disease regardless of CD4 T cell count. The first-line ART regimen consisted of either tenofovir/lamivudine or zidovudine/lamivudine + nevirapine or efavirenz. PIs were only given as second-line ART in accordance with Kenya national guidelines for antiretroviral drug therapy. 27 
Primary outcome
Our primary outcome, MetS was defined according to International Diabetes Federation (IDF); central obesity; waist circumference ‡80 cm in women and ‡94 cm in men, plus two of the following: triglycerides ‡150 mg/dL (1.7 mmol/L), HDL cholesterol <50 mg/dL (1.29 mmol/L) for women or £40 mg/dL (1.03 mmol/L) for men, FBG ‡100 mg/dL (5.6 mmol/L), systolic blood pressure ‡130 mmHg, or diastolic blood pressure ‡85 mmHg. 25 
Statistical analysis
Baseline characteristics of study participants were compared between ART-experienced and ART-naive participants. The primary outcome of the study was diagnosis of MetS, which was compared between the HIV-infected ART-experienced group and the HIV-infected ART-naive control group. Continuous variables were summarized using mean [standard deviation (SD)] or medians (interquartile range) and compared using two-sample t-tests if normality assumptions were met. We estimated the prevalence of MetS and its components by ART status. Categorical variables were summarized using counts and proportions and compared using Pearson's chi-square tests or Fisher's exact tests, as appropriate. Using bivariate and multivariate logistic regression, we also obtained unadjusted and adjusted odds ratios, respectively, for the association between known risk factors and diagnoses of MetS. Data analysis was done using STATA Ò version 13 (San Antonio, TX). p Values less than 0.05 were considered significant.
Ethical statement
The Institutional Research and Ethics Committee of Moi University School of Medicine approved the study. All participants provided a written informed consent.
Results
A total of 300 HIV-infected patients (36% male) were enrolled in the study. Table 1 shows characteristics of HIVinfected adult participants. Fifty-five percent were receiving combination ART and 45% were ART naive. Mean (SD) age of ART-experienced and ART-naive participants were 43 (9) and 38 (9) years, respectively. Forty percent of the participants were between 35 and 44 years of age, 42.7% for the ART-experienced and 41.9% for the ART-naive groups. ART-experienced participants were more likely to be older and male, and less likely to have received any formal education (Table 1 ). In addition, ART-experienced participants had significantly higher mean waist circumference and BMI, and were more likely to have dyslipidemia and higher fasting plasma glucose; they had similar rates of alcohol intake and tobacco use as ART-naive adults (Table 1) .
Patients on ART had worse history of immune function, with lower nadir CD4 cell count, more WHO stage 4 disease, and longer mean duration of HIV infection compared with the ART-naive adults (6.6 vs. 3.7 years), respectively (Table 1) . Among the ART experienced, mean duration on ART treatment was 5.4 years, with a large number on first-line ART (82.3%). Current ART use included 92%, non-nucleoside reverse transcriptase inhibitors (NNRTI) and 6.7% PI. Nearly all (99%) were on nucleoside reverse transcriptase inhibitors (NRTI). A large majority (56%) of these patients were on nevirapine-based (tenofovir/lamivudine/nevirapine) regimen and one third (36%) were on efavirenz-based (tenofovir/lamivudine/efavirenz) regimen.
MetS prevalence and risk factors
MetS frequencies by ART status are presented in Fig. 1 . MetS prevalence among ART experience and ART naive were 16.9% and 15.2%, respectively. Although Mets prevalence was slightly higher in patients receiving ART, it was not statistically different ( p > 0.05). The distribution of individual components of MetS by ART status is shown in Fig. 1 . Over half of our participants met the criteria for abnormal waist circumference with the pattern not varying by ART status. ART experienced were more likely to have elevated blood glucose, whereas ART naive were more likely to have low HDL levels ( Fig. 1 ) Frequencies of hypertriglyceridemia and elevated blood pressure were similar between the two groups. Significantly more ART experienced (24%) met the criteria for abnormal waist circumference and one additional component of MetS compared with the naive group (14%), p = 0.03.
In unadjusted analyses, HIV-infected patients with MetS were more likely to be female, have a higher level of LDL cholesterol, BMI of at least 25 kg/m 2 , and age above 55 years (Table 2 ) compared with those without MetS. After adjustment for demographic characteristics and HIV-related characteristics in a multivariate logistic regression analysis, female sex, older age ‡55 years, and higher BMI remained independently associated with the presence of MetS (Table 3). We did not observe any association among the use of ART, specific ART drugs, HIV infection duration, and MetS. The ART regimen commonly used and the exclusion of those with hypertension in the study may have influenced the ARTrelated effects on MetS.
Discussion
With introduction to ART, HIV infection has now evolved into a chronic disease with increased morbidity and mortality due to non-AIDs-defining conditions, including CVD. [28] [29] [30] The consequences of HIV-related comorbidities have not been well documented in SSA, but are likely to be of significant magnitude considering the existing poor health systems, lack of qualified health professionals, and the sheer number of HIVinfected patients on ART in this region. Since MetS is a known risk factor for CVD and diabetes, 31, 32 in this study we document the burden of MetS among HIV patients with no previous screening or diagnosis of cardiovascular-related diseases. These data identify factors associated with MetS and draw attention to the substantial prevalence of unrecognized and untreated risk factors for CVD in this population.
In this study of relatively young HIV-infected adults, MetS was common and similar among HIV-infected adults who were on ART and who were ART naive. The most common MetS criteria were increased waist circumference, low HDL, and high triglyceride levels for both ART naive and ART experienced. The specific component of MetS most influenced by ART exposure was fasting glucose and HDL cholesterol. In addition to older age, high BMI and female sex were independently associated with MetS and no association was found between ART exposure or specific antiretroviral drugs and MetS. Our results suggest that traditional risk factors may be stronger predictors of MetS than ART use. Given the projected increase of the aging HIV-infected population, our findings highlight the need to incorporate CVD risk factor screening within the HIV care packages across Kenya to identify those in need of CVD risk reduction interventions irrespective of ART status.
Estimates of MetS prevalence among HIV-infected individuals, ART naive/ART treated, in SSA region are limited and the use of different diagnostic criteria for MetS has made the comparison difficult. The 16% prevalence of MetS in our study is similar to what has been reported in other studies conducted in African countries with comparable diagnostic criteria, including in Cameroon (16%), 33 Burkina Faso (18%), 34 and Nigeria (17%). 35 However, it is lower than what was reported in other studies. 11, 20, 36 A larger study of 850 HIV-infected adults in the United States reported MetS prevalence of 26%. 20 In another study among 250 HIVinfected adults on non-nucleoside-based ART regimens in Uganda, MetS prevalence was reported at 58%; similar to our study, factors associated with MetS included older age, higher BMI, and female sex. 36 The discrepancy in the results is likely due to the MetS diagnosis criteria used in the Uganda study, which used two rather than three components in defining MetS, and the limited number of patients on PI class of drugs in our study (7%) versus United States (31%). The Mets prevalence observed among our participants was substantially lower than prior estimates among Kenyan adults from the urban areas, where majority of the participants qualified for MetS due to hypertension and abdominal obesity. 37 The difference in patient's characteristics (urban vs. rural) and exclusion of patients with preexisting CVD-related diseases, including the known hypertensives and diabetics, may therefore have led to the underestimation of MetS prevalence in our study. ART has been frequently associated with numerous metabolic alterations. Our finding of similar MetS frequencies between ART-experienced and -naive HIV-infected adults was therefore unexpected and contradicts those of Jantarapakde et al. who reported a higher prevalence of MetS among ART-experienced patients compared with ART naive in Thailand. 17 In that study and like in many similar studies, MetS risk was strongly associated with PI and stavudine use likely due to their effects on triglycerides and blood glucose. 38, 39 Of note, only 15 out of 164 patients were receiving PI or/and stavudine, hence we may not have had adequate power to detect any significant effect of these drugs on MetS or its component. Nevirapine drug was associated with increased levels of HDL, an observation that has been well FIG. 1. Prevalence of metabolic syndrome by ART status. All (n = 300) participants were included. Central obesity was defined as waist circumference of ‡80 cm (women) and ‡90 cm (men). High TG was defined as triglycerides ‡150 mg/dL (1.7 mmol/L), low HDL was HDL cholesterol levels of <50 mg/dL (1.29 mmol/L) for women and £40 mg/dL (1.03 mmol/L) for men, high FBG was fasting blood glucose of ‡100 mg/dL (5.6 mmol/L), high BP was a systolic blood pressure of ‡130 mmHg, or diastolic blood pressure of ‡85 mmHg. ART, antiretroviral therapy; FBG, fasting blood glucose; HDL, high-density lipoprotein; TG, triglycerides. described by others and could partially explain the lowerthan-reported prevalence of MetS among the ART-exposed group consistent with a randomized control trial in Spain, which reported an increase of HDL levels by 44% in ARTnaive patients after 12 months of nevirapine therapy. 41, 42 Similarly, ACTG Longitudinal Linked Randomized Trials found no association among NNRTI use, NRTI use, and MetS. 39 Therefore, increased use of NNRTIs, a known metabolic friendly drug in our setting, may partially explain the lack of difference in MetS rates between the two groups. Our study further supports the protective nature of ART toward CVDs as reported in the SMART study, where patients randomized in the interrupted course of ART had increased risk CVD and cardiovascular-related mortality. 42 Nevertheless, a higher proportion of ART experienced than ART naive had 1 or 2 components of MetS, suggesting a potential effect of ART on specific rather than all components of MetS. Longitudinal studies are warranted to confirm these results.
Previous studies have demonstrated that longer duration of HIV infection, high viral load, and longer duration of ART confers an excess risk of MetS. In our analysis, we did not find any significant association between the duration of HIV infection and duration of ART use with MetS. A possible explanation for the results is that the duration of HIV was self-reported hence the accuracy of these data could not be confirmed. We also did not find any association between selfreported alcohol intake and tobacco use with MetS, consistent with previous reports from other studies in the region. 20, 35, 36, 43 The finding of a twofold risk of MetS in those with high BMI suggests that both overweight/obesity was the main driver for the MetS in our study. This is consistent with a previous finding from the region that showed increased risk of MetS among overweight and obese patients both in general and HIV-infected populations. 35, 43 A high proportion of women in our study were overweight/obese compared with men, which may partially explain increased prevalence of MetS among females. Kenya, like many other African countries, is undergoing epidemiological transition, and epidemic rates of obesity and other metabolic abnormalities have been noted during recent years. 44 A recent populationwide survey in Kenya reported overweight/obesity prevalence of 28%, which disproportionally affected women. 5 This prevalence was lower than that found in our study (41%) raising a concern about the possible influence of HIV infection and other unique HIV-related characteristics in addition to lifestyle behaviors (i.e., poor diet and sedentary lifestyle) on obesity and consequently MetS.
Abrahams et al. reported an increase in weight and body fat distribution changes in black South African HIV-infected adults after initiation of ART. 45 They demonstrated that percentage of trunk fat and the waist circumference in women, but not men, increased significantly months after ART initiation. Our finding that mean waist circumference was significantly increased in treated women, but compared with untreated women is in keeping with the findings of this study. By contrast, the study found an overall increase in weight after ART initiation. We showed that mean BMI was higher in ART-treated patients, but the difference was not statistically significant likely due to the exclusion of patients with cardiometabolic disease.
Our study had several strengths. It is the first study of prevalence of MetS among HIV-infected adults stratified by ART use in Kenya. Since it was conducted before universal treatment, it provides a rare opportunity to compare the effect of commonly used antiretroviral drugs on risk of MetS, a risk factor for CVD and diabetes. Also, it examined adults without known diagnosis of CVD-related diseases, thus showing the true risk of MetS before onset of CVD. We had complete data for all parameters required to make diagnosis of MetS. Thus, our study results can be generalizable to similar settings. Limitation of our study included the cross-sectional design, which prohibited a definitive determination of the temporal association between some independent variables and MetS. This current study examined the role of current self-reported behaviors (i.e., smoking, alcohol consumption etc.), which may not entirely reflect past behaviors that may have influenced the development of MetS. We were not able to assess the association of current CD4 cell count, viral load with MetS in our cohort because those data were not available. The exclusion of patients with preexisting CVD-related diseases, including the known hypertensives, a component for MetS, may have resulted in underestimation of the true prevalence of MetS in this population. Likewise, inclusion of HIV-negative adults would have made it possible to compare biochemical changes due to HIV infection in the absence of treatment.
MetS was prevalent among ART-naive and ART-experienced HIV-infected adults without preexisting cardiometabolic disorders, and traditional risk factors most strongly influenced the MetS diagnosis. Our findings emphasize the importance of addressing traditional risk factors for metabolic abnormalities as the HIV-infected populations' age. Future longitudinal studies comparing HIV-uninfected and infected adults are needed to confirm these results and to assess the predictive role of MetS toward CVD in HIV-infected populations in SSA.
